Introduction
============

Familial adenomatous polyposis (FAP) is an autosomal dominant hereditary disease caused by adenomatous polyposis coli (APC) mutations ([@B1],[@B2]). FAP patients have multiple colorectal adenomatous polyps. However, extracolonic neoplastic lesions are also reported in FAP patients, especially gastric neoplasms ([@B3],[@B4]). Gastric neoplasms―usually fundic gland polyps (FGP) in the gastric body―are commonly found in FAP patients in Western countries. Gastric adenoma (rarely adenocarcinoma) accounts for approximately 10% of gastric neoplasms in FAP patients ([@B5],[@B6]). In Japan, 39% of FAP patients develop gastric adenoma and the increased incidence of adenoma may be associated with *Helicobacter pylori* infection ([@B4],[@B7]). Few histological analyses of FAP-associated gastric lesions have been performed. FGP and foveolar-type gastric adenoma were frequently identified; the lesions were found to be MUC5AC-positive (gastric mucin) and MUC2- and CDX2-negative (intestinal markers) ([@B3]). Intestinal gastric cancers are closely associated with *H. pylori*-related gastric atrophy and intestinal metaplasia ([@B8]). We herein report the case of a patient with FAP who developed nine synchronous early gastric cancers without *H. pylori* infection who was successfully treated by endoscopic submucosal dissection (ESD). Interestingly, a histological analysis showed that the lesions were gastrointestinal mixed-type tumors.

Case Report
===========

The patient was a 64-year-old woman who had been diagnosed with FAP and who had undergone total colectomy at 24 years of age. She had a family history of FAP (her mother and a brother). At 64 years of age, follow-up endoscopy revealed multiple O-IIa+IIc (Paris classification) lesions in the antrum of the stomach ([Fig. 1A](#g001){ref-type="fig"}). Chromoendoscopy with indigo carmine and narrow band imaging (NBI) clearly showed a tumor area ([Fig. 1B](#g001){ref-type="fig"}). Magnifying endoscopy with NBI (ME-NBI) indicated that the microsurface pattern of the lesions was slightly irregular and the microvascular pattern was irregular with demarcation lines. Thus, early gastric cancer was diagnosed ([Fig. 1C](#g001){ref-type="fig"}) ([@B9]). We identified nine lesions, all of which were removed in 3 separate ESD sessions ([Fig. 1D](#g001){ref-type="fig"}). [Fig. 1E](#g001){ref-type="fig"} shows the largest formalin-fixed ESD sample, which included 7 adnocarninomas. The largest cancer lesion was 10 mm × 7 mm in size ([Fig. 1E](#g001){ref-type="fig"}).
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A pathological analysis revealed that all nine lesions had been removed and that all of the tumors were well-differentiated intramucosal adenocarcinomas (tub1) ([Fig. 2](#g002){ref-type="fig"}). No venous or lymphoid vessel invasion was apparent and the treatment of the cancers was pathologically curative. The surrounding non-tumorous mucosa was almost normal without inflammation or atrophy with a regular arrangement of collecting venules, an endoscopic marker for the *H. pylori*-negative gastric mucosa. In accordance with the endoscopic findings, no *H. pylori* infection was identified in the pathological analysis or with serum Hp-IgG. In an immunohistochemical analysis, we used MUC5AC as a marker for foveolar cells, MUC6 for mucous neck or pyloric gland cells, MUC2 for goblet cells, CD10 for small-intestinal-type brush border, and CDX2 for intestinal cells. The tumors were positive for MUC6, but negative for MUC5AC. Interestingly, the tumors were also positive for MUC2, CD10, and CDX2, suggesting that they were the gastrointestinal mixed type ([Fig. 2](#g002){ref-type="fig"}). The proliferative activity and malignant potential were analyzed according to the expression of Ki-67 and TP53, which indicated that the tumors were highly proliferative and had malignant potential. In addition, β-catenin nuclear staining, which is associated with the APC mutation, was strongly positive. To prevent gastric stenosis after large ESD, triamcinolone acetonide (50 mg) was injected into the ESD ulcer bed, and oral steroids were administered for 3 months. After 6 months, the ESD ulcer had healed without stenosis.
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Discussion
==========

There are a few reports on the gastric lesions in FAP patients. The reported rate of FAP-associated gastric cancer in Japan is higher than that in Western countries. In Japan, gastric cancer developed in 11 of 261 FAP patients (4.2%) ([@B10]), whereas it was found that the risk of gastric cancer did not differ between FAP and non-FAP patients in Western countries ([@B11]). This difference may be due to the higher rate of gastric atrophy or intestinal metaplasia in the Japanese population, which is associated with a higher rate of *H. pylori* infection ([@B4]). However, *H. pylori* infection and gastric atrophy were not found in this case. Another reason for this difference is that there are probably differences between Western and Asian FAP patients in the mutation loci in the *APC* gene ([@B12]). We have not yet analyzed the APC mutation locus in the current case.

The histology of FAP-related gastric cancer has not been clarified. In FAP patients, fundic gland polyps (FGP) are frequently observed and may be precursor lesions of gastric adenocarcinoma ([@B13]). In this context, FGP-derived cancer might be positive for MUC5AC, which is a marker for gastric foveolar cells. Hashimoto et al. reported that, in addition to FGP, pyloric gland adenoma (PGA) was frequently observed in FAP patients and was strongly positive for MUC5AC and MUC6 ([@B14]). However, FGP and PGA were negative for MUC2 and CDX2 when not accompanied by intestinal metaplasia ([@B15]). In our case, the tumors were positive for MUC2, CDX2, and MUC6, but negative for MUC5AC, suggesting that the lesions were gastrointestinal mixed type. The background mucosa did not show inflammation, *H. pylori* infection, or intestinal metaplasia, making the tumors in this case an unusual gastric cancer phenotype. Mutations of the *APC* gene cause the accumulation of β-catenin and might be one of the mechanisms responsible for the development of gastric cancer in FAP patients ([@B14]). The overexpression of CDX2 in gastric epithelial cells might induce intestinal metaplasia and eventually cause adenocarcinoma ([@B16]), suggesting that, in addition to the accumulation of β-catenin, the overexpression of CDX2 is one of the mechanisms underlying the development of gastric adenocarcinoma. This assumes that additional genetic or epigenetic alterations cause the accumulation of CDX2. Further studies should be performed to analyze the mechanisms of these alterations.

It is questionable whether the adenocarcinomas in the current case were developed as a result of the adenoma-carcinoma sequence or whether they occurred as *de novo* cancer. We tried to analyze a sample of the adenoma, which had been resected by ESD 7 years previously and found that the tumor was positive for MUC2 and CDX2, but negative for MUC5AC and MUC6, suggesting that the adenoma was of the intestinal type. We also found that β-catenin was weakly stained and TP53 nuclear staining was negative (Supplementary Figure). Taken together, it is likely that the adenocarcinoma in the current case was caused via the adenoma-carcinoma sequence, as is the case of colon cancer.

Nine synchronous gastric cancers were detected in the current case. The reported frequency of synchronous gastric cancer is approximately 10%; cases involving more than five synchronous lesions are very rare ([@B17]). Shibata et al. reported that three of five FAP patients with gastric cancer had synchronous cancers, indicating that the gastric cancers in FAP patients tend to be synchronous. In addition, metachronous gastric cancer has been reported in FAP patients ([@B18]); thus, it is important to perform periodic endoscopic surveillance to diagnose cancers at an early stage. Our patient had undergone ESD for gastric adenoma 7 years previously, and multiple cancers were found after careful EGD surveillance.
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Hematoxylin and eosin (HE) staining and immunohistochemical staining for MUC2, MUC5AC, MUC6, CDX2, CD10, Ki67, β-catenin, and TP53 of adenoma sample resected 7years ago. Original ×40.
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